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POWER TRANSMISSION METHOD AND DEVICE FOR A MOTOR VEHICLE 
COMPRISING A HEAT ENGINE AND AT LEAST ONE ELECTRIC 

MACHINE 

The invention relates to the field of motor vehicles 
wherein the propulsion is provided by a heat engine and 
at least one electric machine. 

When the vehicle slows down, its kinetic energy is 
5 normally lost. 

It is for this . reason that sometimes means are 
provided to recuperate this energy and store it for later 
use. This allows overall fuel consumption to be reduced. 

Thus, such an electric machine is usually connected 
10 to a battery, intended to supply energy to this electric 
machine or to store energy from said machine. 

Furthermore, it is known that a heat engine presents 
a poor efficiency at low power. 

Consumption is therefore high at the idle point of a 
15 heat engine. 

It is for this reason that, when a hybrid vehicle 
operates at idle point, the heat engine is normally shut 
down. The propulsion of the vehicle is provided by the 
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electric machine, the battery thus being the .only source 
of energy. 

However, a battery has numerous drawbacks. It is 
expensive in relation to the overall cost of the vehicle 
and its life span is relatively short. Finally, it is 
heavy and cumbersome. 

The purpose of the invention is to overcome the 
drawbacks associated with the use of a battery, while 
enabling the recuperation of the kinetic energy of the 
vehicle and avoiding the use of the heat engine at low 
power . 

Thus, the invention relates to a method for power 
transmission to the wheels of a motor vehicle, comprising 
a heat engine and at least one electric engine associated 
with a static energy converter and with means for 
supplying and storing energy, the method consisting in 
recuperating and storing the kinetic energy of the 
vehicle in supply and storage means consisting in a 
super-capacity and in reusing the stored energy to supply 
power to the wheels when the speed of the vehicle is 
stabilized, the heat engine thus being shut down. 

The super-capacity is the sole means for supplying 
and storing energy provided in the vehicle. In particular, 
no battery is provided. 

Preferentially, the stabilized speed at which the 
power supplied to the wheels comes from the super- 
capacity is less than or equal to about SOkph or even 
less than or equal to 30kph. 

The super-capacity is typically about 50 kJ for an 

30 average size vehicle. 

The power to be transmitted to the wheels is between 
5 and 6 kW for a speed stabilized at about SOkph and 
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about 3 kW for a speed stabilized at about 30kph. At 
these stabilized speeds, the super-capacity therefore 
allows the heat engine to be shut down for 10 to 20 
seconds . 

indeed, the consumption of a heat engine (conso) is 
an affine function of the power generated by the engine 
(Pmth), in the case where the heat engine runs at its 
maximum power point, which is generally the case for 
hybrid vehicles. 

Thus, when the engine is running: 
( 1 ) Conso=conso 0 +K . Pmth 

where: Conso is the instantaneous consumption of the 
heat engine expressed in 1/s; 

conso 0 is the consumption of the engine at idle point, 
when the generated power is zero; it is a constant 
expressed in 1/s which only depends on the heat engine; 

K is also a constant which only depends on the heat 
engine; and 

Pmth is the power generated by the heat engine, 

20 expressed in kW. 

The consumption of the heat engine is zero when the 

heat engine is shut down. 

The consumption over a consumption measuring cycle 
(for example European cycle 99100) is thus: 
25 (2) Conso=conso 0 .Ton mth+K.Emth 

where: Conso is the consumption of the heat engine 
over the cycle in question, expressed in 1; 

consoo is the consumption of the engine at idle point, 

expressed in 1/s; 

Ton mth is the time during which the heat engine is 

running during a cycle, expressed in s; 
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Emth is the energy of the heat engine, expressed in 

kJ. 

Since the vehicle is equipped with a means for 
intermediate energy storage, the instantaneous power of 
5 the heat engine is not necessarily equal to the 
instantaneous power at the wheel. However, the 
measurement of the consumption of the vehicle over an 
entire cycle shows an average energy balance of zero on 
this energy storage. Consequently: 
10 Emth(kJ)=Wheel energy (kJ) 

As a result, the equation (2) can also be expressed 

as : 

(3)Conso=conso D .Ton mth+K. Wheel energy 

The aim is to minimize the consumption of the heat 

15 engine. 

Yet, conso 0 and K are constants and Wheel energy (kJ) 
is imposed by the cycle and hardly depend on the chosen 
energy storage strategy. 

It is therefore necessary to minimize Ton mth. 
20 As known, the heat engine can be shut down when the 

vehicle has stopped and/or during deceleration. 

The invention proposes to also stop it at other 
periods when the power, at the wheel is low, i.e. during 
operation at stabilized speed. Since the duration of 
25 these periods is about 10 to 20 seconds, the energy 
storage capacity of a super-capacity is particularly 
suitable. 

The method according to the invention therefore 
allows fuel consumption to be reduced through the use of 

30 a super-capacity. 

Generally, a super-capacity allows less energy to be 
recuperated than a traditional battery. 
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For example, for a cycle 99100, the recuperated 
energy represents about 70% of the energy recuperated by 
a traditional battery. 

However, this is not overly disadvantageous, 
particularly when a vehicle is used in urban areas where 
the speed is generally less than 50kph. 

Furthermore, a super-capacity has considerable 
advantages over a battery, in terms of cost, size and 
life span. 

Advantageously, the method according to the 
invention also consists in controlling the voltage at the 
terminals of the static energy converter in order to keep 
it substantially constant and near to the maximum value 
allowed by the power semiconductors of the static energy 

15 converter. 

This control of the voltage at the terminals of the 
static energy converter makes it possible, by keeping it 
as high as possible, to reduce the current running 
through the electric machine and the power semiconductors. 
20 The capacity of the semiconductors and therefore 

their cost can thus be consequently reduced. 

In practice, the value selected to perform the 
control can be a reference value U ref equal to: 
U ref =MIN[ (Ui-X.l) ;MAX(U 2 ; (U 3 /k) ) ] 
25 where: U x is the " withstand voltage of the power 

semiconductors; 

X.l is the over-voltage at the terminals of the 
power semiconductors, 1 being the current running through 
the electric machine; . 
30 U2 is the difference between Ui and the maximum 

over-voltage at the terminals of the semiconductors; 
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U 3 is the voltage at the terminals of the electric 
machine; and 

k is a constant coefficient referred to as the PWM 
coefficient (Pulse Width Modulation) . 
5 The control can also be performed between two limit 

values, the first corresponding to U 2 and the second 

corresponding to (Ui-A,.l). 

This control can be simplified further by keeping 
the voltage at the terminals of the static energy 

10 converter to U 2 . 

The invention also relates to a device for 
transmitting power to the wheels of a motor vehicle 
allowing this method to be implemented. 

This device thus comprises a heat engine and at 
15 least one electric machine, associated with a static 
energy converter and means for supplying and storing 
energy, characterized in that the means for supplying and 
storing energy consist in a super-capacity, the static 
energy converter associated with an electric machine 
20 being connected to the super-capacity via a reversible 

DC-DC converter. 

The presence of this DC-DC converter allows the 
voltage at the terminals of the static energy converter 
to be kept at a substantially constant value, while being 
25 able to adjust the voltage at the terminals of the super- 
capacity in large proportions. 

The energy stored in a super-capacity corresponds to 
1/2CV 2 where V is the voltage at the terminals of the 
super-capacity, which makes it possible to fully exploit 

30 this energy reserve. 

Thus, the transmission device according to the 
invention makes it possible, by means of suitable control 



7 



of the voltage at the terminals of the static energy 
converter, to use under-sized power semiconductors 
compared to those needed for an electric machine 
operating with a battery. This makes it possible to 
5 considerably reduce the cost of the static energy 
converter . 

Furthermore, it makes it possible to make full use 
of the energy storage capacity of the super-capacity. 

This DC-DC converter can notably be "reversible DC 
10 converter" type or "two resonance converters" type. 

Generally, the DC-DC converter is designed as 
follows. 

When the kinetic energy of the vehicle is 
recuperated, the power travels from the static energy 
15 converter to the super-capacity. The converter capacity 
is 10 kW so as to recuperate the deceleration powers 
generated when the vehicle is used in urban areas. 

When the energy stored in the super-capacity is 
transmitted to the wheels, since the heat engine is shut 
20 down, the power is transmitted from the super-capacity to 
the static energy converter. In this electric-only mode, 
the converter capacity is 2 . 5 kW in order to supply the 
power to the wheels at stabilized speed, preferably for 
speeds less than or equal to about 30kph. 
25 The invention will now be described in detail with 

reference to the appended figures, wherein: 

figure 1 represents a device for transmitting 
power according to the invention, comprising an electric 
machine, a heat engine and a DC-DC converter of 
30 reversible DC converter type; 

figure 2 represents a device for transmitting 
power according to the invention, comprising two electric 
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machines, a heat engine and a DC-DC converter comprising 
two resonance converters; and 

figure 3 is an algorithm giving an example of a 
control strategy for a heat engine according to the power 
requested at the wheels and the energy stored in the 

super-capacity. 

Therefore, figure 1 represents an example of an 
embodiment of the transmission device according to the 
invention comprising an electric machine 2 and a heat 
engine 1, the electric machine and the heat engine being 
connected via a clutch 3. 

The electric machine 2 is connected to the wheels 4 
of the vehicle, via a gear box 5. 

Furthermore, a static energy converter 6 is 
associated with the electric machine 2. 

The DC supplies 60 of the converter 6 are connected 
to a bus 7 wherein two lines bear the references 70 and 
71 . 

A capacitor 72 which provides a small level of 
energy storage is connected between the two bus lines. 

It typically has a capacitance of 2000 ^F and 
therefore contains a maximum energy of 300 J. 

This capacitor essentially has a filtering function 
for high frequency currents generated by the inverter. 

The two bus lines 70 and 71 are connected together 
by a super-capacity 8. 

For an average sized vehicle, it has a typical 
capacitance of 10 F and contains a maximum energy of 
about 50 kJ. 

A DC-DC converter 9 is connected between the two bus 
lines 7 between the capacitor 72 and the super-capacity 8 
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In the example illustrated in figure 1, the 
converter 9 is "reversible DC converter" type with two 
transistors 900 and 901. 

Thus, the method according to the invention will 
5 consist in recuperating and storing the kinetic energy of 
the vehicle in the super-capacity 8 and reusing the 
energy stored to supply power to the wheels when the 
speed of the vehicle is stabilized, typically at a value 
less than or equal to 30kph, the heat engine thus being 
10 shut down for short periods. 

It therefore makes it possible to reduce fuel 
consumption and from time to time shut down the heat 
engine, the power to the wheels thus being provided by 
the super-capacity. 
15 The presence of the DC-DC converter 9 makes it 

possible to implement the alternative method according to 
the invention, wherein the voltage at the terminals of 
the static energy converter 6 is controlled in order to 
keep it substantially constant and close to the maximum 
20 value allowed by the semiconductors of the converter 6. 

Control means therefore directly act on the 
converter 9 in order to keep the voltage U between the 
two bus lines at the desired maximum value U re f. 

As explained above, this value can be constant and 
2 5 correspond to the voltage U 2 whose value is equal to the 
difference between the value of the voltage U lf the 
withstand voltage of the semiconductors of the static 
converter 6, and the maximum over-voltage at the 
terminals of said semiconductors. 

The control can also be performed by using as the 
reference value a voltage between U 2 and another limit 
value defined by (Ui-X.l), i.e. the difference between 
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the value of the withstand voltage U x of the 

semiconductors and the actual over-voltage at the 

terminals of the semiconductors. 

This control can also be performed on the basis of a 

reference voltage corresponding to: 

U ref =MIN[ (Ui-X.l) ;MAX(U 2 ; (U 3 /k) ) ] 
where: Ui, X.l and U 2 are as defined above, and 
U 3 is the voltage at the terminals of the electric 

machine, and 

k is a constant coefficient referred to as the PWM 
coefficient . 

This coefficient is determined by the operation of 
the inverter and its value is typically 0.76. 

The presence of this converter 9 also makes it 
possible to adjust the voltage at the terminals of the 
super-capacity 8 in large portions and therefore fully 
exploit this energy reserve. 

Keeping the voltage at a relatively high value at 
the terminals of the static energy converter 6 has 
consequences on the capacity of the semiconductors for 
the following reasons. 

Generally, the relationship between the voltage U 3 
at the terminals of the electric machine and the voltage 
U between the two bus lines is defined by: 

U 3 <kU, where k is the PWM coefficient. 
Furthermore, the voltage U 3 at the terminals of the 
electric machine is defined by: 

U 3 =n.q>.CD 

where: n is the number of turns in the electric 
machine, 

cp is the magnetic flux in the electric 

machine, and 
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co is the speed of the machine. 

Thanks to the control means, the voltage U 3 at the 

terminals of the machine i.s maximized, as the voltage U 

at the terminals of the static converter 6 is itself 
maximized. 

Therefore, to reach the desired speed co a maximum 
product n.cp must be envisaged during the design of the 

electric machine. 

in particular, the number n of turns must be 
increased compared to an electric machine which operates 
with a battery and without any means for controlling the 
voltage. 

Yet, the torque C of the electric machine is equal 



to: 



C=n . cp . 1 

Where: n is the number of turns in the electric 
machine, 

cp is the magnetic, flux of the machine, and 
1 is the current passing through the machine. 
Thus, since the electric machine is designed for a 
maximum product n.cp, the desired torque C can be reached 
with a minimum current 1. 

yet, the current 1 passing through the electric 
machine also passes through the power semiconductors of 
the static energy converter. 

Thus, by keeping the voltage U at a relatively high 
value at the terminals of the static energy converter 6 
the current 1 passing through both the electric machine 
and the static energy converter can be reduced by means 
of a suitable design of the electric machine. 
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Since the current 1 in the power semiconductors is 
relatively low, the capacity of the semiconductors can be 
consequently reduced. The cost of these semiconductors is 
thus dramatically reduced. 

With reference to figure 2 which describes another 
embodiment of the device for transmitting power according 
to the invention which comprises a heat engine 10, two 
electric machines 20 and 30, as well as a DC-DC converter 
90. 

The heat engine 10 is connected to a planetary gear 
set 4 0 via a shaft 100. The power generated by the heat 
engine is transmitted via the gear set 40, on one hand 
directly to the wheels 4 via shafts 100 and 104 and to 
another planetary gear set 50 and on the other hand to 
the electric machine 20 via the shaft 102. 

The first electric machine 20 is associated with a 
static energy converter 21, which is connected via its DC 

supplies to a bus 22. 

The second electric machine 30 is associated with a 
static energy converter 31 wherein the DC supplies 310 
are also connected to the bus 22, wherein the two lines 
are referenced 220 and 221. 

The second electric machine 30 is connected via a 
clutch coupling 32 to the shaft 103 or to the shaft 104 . 

The shaft 103 is connected to the planetary gear set 
50, as are the shafts 101 and 104. The output shaft of 
the transmission gear set 50 is connected to the wheels 4 
of the vehicle by the shaft 104. 

in this embodiment, one of the two electric machines 
20 and 30 generally operates in generator mode, the other 
then operates in engine mode. 
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According to the operating mode, the second electric 
machine can be connected to the shaft 103 or the shaft 
104 via the clutch coupling 32. 

A capacitor 222 which has the same function as the 
5 capacitor 72, described with reference to figure 1, is 
connected between the two bus lines. 

The two lines of the bus 22 also supply power to a 
DC-DC converter 90, in turn consisting in two resonance 

converters 91 and 92. 
10 A super-capacity 80 is connected between the 

converters 91 and 92. 

The converter 91 is capable of taking energy from 
the bus 22 to transmit it to the super-capacity 80, 
whereas the converter 92 is capable of taking energy from 
15 the super-capacity 80 to transmit it to the bus 22. 

The converter 91 typically has a capacity of 10 kW 
in order to recuperate the deceleration powers occurring 

in urban areas. 

The converter 92 typically has a capacity of 2.5 kW 
20 in order to supply the power to the wheels at a 
stabilized speed less than or equal to about 30kph. 

Thus, the presence of the super-capacity 80 makes it 
possible to recuperate and store the kinetic energy of 
the vehicle and to reuse it to provide power to the 
25 wheels when the speed of the vehicle is stabilized, the 
heat engine thus being shut down. 

Furthermore, this alternative embodiment of the 
transmission device according to the invention also makes 
it possible, by means of the converter 90, to keep the 
30 voltage at the terminals of the bus and therefore the 
static energy converters 21 and 31 substantially constant 
and close to the maximum value allowed by the power 
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semiconductors of the static energy converter, by means 

of suitable control. 

Aforementioned examples of control are also 
applicable to the transmission device according to figure 
2. 

As explained above, this control makes it possible 
to minimize the cost of the power semiconductors in the 
static energy converters 21 and 31. 

With reference to figure 3 which gives an example of 
a control strategy for a heat engine according to the 
power requested at the wheels and the energy stored in 
the super-capacity. 

Firstly, it is necessary to determine the power 
requested at the wheels, P„heel, notably by detecting the 
depression of the accelerator pedal. 

This makes it possible to determine the power of the 
traction chain, P C dt, according to the yield. 

The power of the traction chain P C dt, is then 
compared with the value of 3 kW corresponding to the 
power to be transmitted to the wheels for a stabilized 
speed of about 30kph. 

If the power of the traction chain is greater than 3 
kW then the vehicle does not operate at low power and the 
heat engine provides the propulsion of the vehicle. 

On the other hand, if the power of the traction 
chain is less than 3 kW then the vehicle operates at low 
power and it can then be envisaged to use the energy 
stored in the super-capacity. 

It is then necessary to determine whether the power 
of the traction chain is positive or not. 

If it is positive, the energy E stored in the super- 
capacity is compared to the minimum value. E„ 
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If the energy stored in the super-capacity is less 
than this minimum value then the super-capacity is not 
capable of transmitting sufficient power to the wheels 
and the heat engine operates normally. 

If, on the other hand, it is greater than this 
minimum' value E MIN then the heat engine can be shut down. 
The torque generated by the heat engine is then zero, and 
the energy stored in the super-capacity is used. In this 
case, the power of the traction chain corresponds to the 
power supplied by the super-capacity. 

If the power of the traction chain Pcdt is negative 
then the energy E stored in the super-capacity is 
compared to a maximum value Emax , in order to verify 
whether the super-capacity is full or not. 

If the value E is greater than Emax then the super- 
capacity is full and the heat engine operates. 

On the other hand, if the value E is less than Ema x 
then energy can still be stored in the super-capacity, 
the heat engine being shut down. 
20 Here again, the power of the traction chain 

corresponds to the power exchanged by the super-capacxty , 
the power supplied by the engine being zero. 

The reference marks inserted after the technical 
characteristics indicated in the claims have the sole 
purpose of making them easier to understand and do not 
restrict their scope in any way. 
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